Abstract
Introduction
pasting properties of wheat flour.
Materials and Methods

128
Plant material
129
Seven transgenic lines expressing the transgenes encoding HMW-GS 1Dx5,
130
1Ax1 and 1Dy10, single or in combination, were used in this work. Lines T580, T581
131 and T590 were obtained by genetic transformation as described by León et al. (2009a) 132 while lines T606, T616, T617 and T618 were obtained by conventional crossing using 133 former lines as parents (León et al., 2009b) . The control line was the bread wheat cv
134
Anza as the parent of the transgenic lines, which which endogenous HMW-GS 135 composition is 1Bx7*, 1By8, 1Dx2 and 1Dy12. Lines were analysed over two years,
136
using a randomized complete block design with two replicates, as described by Barro et 
Protein and SDS-PAGE analysis
139
The protein content of whole flour was calculated from the Kjeldahl nitrogen 140 content (%N x 5.7) and expressed on a dry matter basis. Seeds were crushed into a fine 141 powder which was used to extract the endosperm storage proteins. Gliadins were 142 extracted in 60% (v/v) aqueous ethanol using a rotary shaker for 40 min. Samples were 143 centrifuged at 13000xg for 5 min and the supernatant collected. Glutenins were 144 extracted as described by Shewry et al. (1995) . For densitometry, glutenins from thirty 145 individual seeds per line and year (60 seeds in total) were separated by SDS-PAGE gels 146 and analysed using a Kodak Image Station 440CF and Kodak 1D Image Analysis
147
Software using the SDS-PAGE Molecular Weight Standards from Bio-Rad as reference. The water binding capacity was measured as the amount of water that one gram 166 of material will retain after centrifugation using AACC method 56-30 (AACC, 1999) 167 and also after heating at 90ºC. Briefly, the wheat flour suspension was kept in a water 168 bath at 90ºC for 10 min. After cooling for one hour, the water binding capacity of the 169 samples was determined using the standard method. 
Rapid visco-analysis
173
The pasting profiles were obtained using whole flour with a Rapid Visco (line T590) decreased this ratio (Table 1) . However, when one x-type and one y-type 211 subunit were expressed together (lines T616 and T617), the x-type:y-type ratios were 212 more balanced and similar to that of the Anza control. Again, the expression of two x-213 type and one y-type subunits in line T618 resulted in a higher x-type:y-type ratio than in 214 the T616 and T617 lines and equal to that of the line expressing only 1Dx5.
Starch and Pasting properties of transgenic lines
219
The starch and amylose contents did not show differences among the transgenic 220 lines (Table 2 ). In particular, the amylose contents of the lines agreed with those 221 reported for hexaploid wheat (Soulaka and Morrison, 1985) . The starch granule size 222 distribution for the transgenic lines reported in this work is given in range, these differences were statistically significant ( Table 2 ). The control line Anza Water-binding capacity was determined in all transgenic lines at 25ºC and also after 238 heating at 90ºC (Table 2) , in order to determine the water uptake of the starch granules 239 before and after gelatinization. The expression of HMW-GS transgenes increased the 240 T606 (expressing subunits 1Ax1 and 1Dx5) and T616 (expressing subunits 1Ax1 and 242 1Dy10) showed the highest WBC at 25ºC and 90ºC, respectively (Table 2) .
243
The pasting properties of transgenic lines expressing different combinations of 244 HMW-GS transgenes were determined using the Rapid Visco Analyser (RVA). The
245
RVA is an effective instrument for determining the viscous properties of flour as a 246 function of processing temperature and stirring rate, and for relating functionality to 247 structural properties (Collar et al., 2006) . However, these relationships are complex, and (Table 3 ). When flour is tested in the RVA, it is 253 subjected to a heat-hold-cool cooking cycle which gives a pasting curve for the sample
254
( Figure 1 ). The most important parameters measured include pasting temperature, peak 255 time, peak viscosity, breakdown, final viscosity and setback ( for the peak time, while there were no significant differences among the other lines (Table 3) . Line T606 also showed the lowest value for peak viscosity and line T590 contents (Symons and Brennan, 2004) . However, no significant correlation was found 275 between peak viscosity and the starch content or granule size distribution (Table 3 , 4).
276
During the holding period at constant high temperature, a breakdown in viscosity to 277 a holding strength or trough, takes place (Figure 1 ). The transgenic lines showed 278 significant differences in the breakdown viscosities (Table 3) . Line T590 (expressing 279 subunit 1Dy10) had the highest breakdown viscosity while line T606 had the lowest 280 (Table 3) . Line T590 expresses the transgenic HMW-GS 1Dy10 while line T606 281 expresses transgenic HMW-GS 1Ax1 and 1Dx5 (Table 1) .
282
The breakdown in viscosity is caused by rupture of the swollen granules (Rani and The last phase in the pasting curve (Figure 1) (Table   298 3).
299
The lines expressing only transgenic x-type subunits had low peak viscosities and 300 final viscosities. This is particularly marked for line T606 which expresses the 1Ax1 301 and 1Dx5 HMW-GS transgenes. In addition, the decrease in the breakdown viscosity 302 was also less for line T606 (Figure 1) . Lower values for pasting viscosities are an 303 indication of a reduction of the available starch for gelatinization (Collar et al., 2006) .
304
This reduction is unlikely to be due to a reduction in the starch content of this line as all 305 of the lines had similar levels of starch (Table 2) . Temperature is shown as the solid colored lines.
